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ABSTRACT 

The  total  energy  and  employment  demands  of  various  transportation 
modes  are  determined  using  a  large  matrix  model.   The  results  are  then  used 
to  examine  the  resource  demands  of  policy  alternatives  such  as  urban  car-bus 
substitutions,  competitive  freight  transport  alternatives  and  alternatives 
to  the  Federal  Government's  Highway  Trust  Fund. 


I.  INTRODUCTION 

It  is  the  purpose  of  this  paper  to  present  an  estimate  of  the  im- 
pact of  transportation  systems  on  energy  use  and  on  employment .   Planners 
and  policymakers  in  both  government  and  industry  should  find  the  results 
"both  interesting  and  useful. 

The  first  part  of  the  paper  describes  the  method  used  to  calculate 
the  energy  and  employment  impacts.   The  general  results  of  application  of 
the  model  to  various  modes  of  freight  and  passenger  transport  are  also 
given  in  this  section.   The  reader  should  be  aware  that  the  applications 
were  thought  of  before  the  model  was  developed,  rather  than  the  reverse. 

The  second  part  of  the  paper  discusses  the  application  of  the 
model  to  three  principle  policy  alternatives:   urban  car-bus  substitution, 
intermodel  vehicular  freight  competition  and  alternatives  to  the  Highway 
Trust  Fund.   These  three  applications  typify  the  historic  tension  between 
the  public  and  private  sectors  on  transportation  planning.   Hopefully, 
the  knowledge  of  the  respective  drains  on  the  energy  and  employment  re- 
source bases  will  have  a  positive  effect  on  how  we  move  both  things  and 
people. 

II.  THE  ENERGY- EMPLOYMENT  OUTPUT  MODEL 

a.  Description 
We  will  first  discuss  the  options  for  energy  conservation  in  trans- 
portation systems  by  describing  a  model  and  early  results  obtained  by  the 
Energy  Research  Group  at  the  Center  for  Advanced  Computation  in  the  Uni- 
versity of  Illinois  at  Champaign-Urbana  (Hannon,  197**  a). 

Before  one  can  speak  of  conserving  energy  (or  of  increasing  the 
supply  one  should  understand  in  some  detail  where  energy  is  going:   the 


total  cost  of  every  good  and  service.   Then  one  could  determine  the 
energy  conserved  by  switching  from  one  good  or  service  to  an  alternative 
or  "by  completely  eliminating  its  consumption.   Likewise,  the  energy  cost 
of  the  substitution  of  new  technology — a  new  manufacturing  process,  for 
example — could  be  estimated. 

To  calculate  the  energy  cost  of  one  unit  of  an  item,  we  ask:   What 
are  the  direct  inputs  of  goods  and  services  required  to  produce  that 
item?  For  each  of  these  inputs,  we  ask:   What  are  their  inputs?  and  so 
on  until  we  reach  such  a  multitude  of  small  inputs  that  leaving  off  the 
next  round  does  not  significantly  change  the  total  requirements.   For 
example,  the  direct  inputs  rqquired  to  produce  this  paper  were  quan- 
tities of  paper,  ink,  and  glue,  labor,  and  printing  machinery.   The  sec- 
ondary round  of  inputs  to  the  paper,  for  example,  included  wood  pulp, 
cotton,  clay,  labor,  and  paper-making  machinery.   The  tertiary  round  of 
inputs  to  the  wood  pulp  included  wood,  chemicals,  labor,  and  machinery. 
The  process  continues  as  a  tree  of  inputs,  infinitely  branching.   In 
some  cases,  branches  interlock,  as  in  the  case  of  the  consumption  of 
paper  (packaging,  for  example)  in  making  ink.   With  each  branch  of  this 
complex  tree  of  inputs,  one  can  associate  the  energy  required  to  produce 
the  desired  unit.   Summing  all  these  energies  yields  the  total  energy 
required  per  unit  of  final  output.   When  this  process  is  completed  for 
a  single  issue  of  this  paper,  we  find  that  the  total  required  fossil 
fuel  energy  is  the  equivalent  of  that  in  about  1.2  quarts  of  gasoline. 

A  more  manageable  way  to  accomplish  the  same  result  is  based  on 
input-output  theory,  for  which  Wassily  Leontief  recently  received  the 
Nobel  Prize  in  Economics.   The  kernel  of  the  method  is  to  first  divide 
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an  economic  system  into  recognizable  sectors  such  as  steel  production, 
feed  grain  production,  railroad  services,  etc.   Then  for  a  given  period, 
usually  a  year,  assume  that  the  total  dollar  output  of  a  given  sector 
is  the  sum  of  a  certain  fraction  of  the  total  dollar  output  of  each 
sector  of  the  economic  system  plus  that  delivered  for  final  consumption. 
The  needed  fractions  are  found  from  actual  dollar-transaction  data 
between  each  sector  and  all  the  others.   The  result  is  a  set  of  equations 
in  which  the  total  sector  outputs  are  the  unknowns.   The  object  of  the 
method  is  to  simultaneously  solve  these  equations  for  the  total  sector 
outputs.   The  process  requires  large,  modern  computers  if  the  economy 
is  divided  into  many  sectors. 

The  result  is  a  second  set  of  equations,  this  one  expressing  the 
total  dollar  output  of  each  sector  as  the  sum  of  a  certain  fraction  of 
each  sector's  deliveries  to  final  consumption.   The  sum  of  these  frac- 
tions required  for  one  unit  of  a  given  sector's  deliveries  to  final  con- 
sumption is  called  the  dollar  intensity  or  output  multiplier  for  that 
sector.   For  example,  we  might  find  that  a  dollar's  worth  of  output  of 
automobiles  for  consumption  requires  a  total  of  three  dollars  worth  of 
outputs  from  the  other  sectors.   Then  we  say  that  the  dollar  intensity 
(or  multiplier)  for  automobiles  is  three.   This  intensity  would  include, 
for  example,  the  value  of  all  the  steel  production  resulting  from  the 
dollar's  worth  of  consumer  demand  for  autos,  which  would  in  turn  include 
the  value  of  the  steel  consumed  directly  by  the  auto  manufacturing 
plants,  and  the  value  of  steel  consumed  indirectly-in  replacing  depreci- 
ated trucks  which  deliver  autos  to  salesrooms,  perhaps. 


-3- 


With  knowledge  of  the  way  in  which  energy  is  consumed  by  each 
sector,  dollar  flows  can  be  transformed  into  energy  flows,  in  British 
thermal  units  (B.t.u.)»  of  a  given  type  of  energy  (coal,  oil,  electric- 
ity, natural  gas,  etc.).   Thus  one  can  derive  the  energy  multiplier  for 
a  unit  of  delivery  to  final  consumption  by  a  given  sector.  Dollar  out- 
puts can  similarly  be  converted  to  employment  figures  (by  occupation), 
amounts  of  pollution  (by  type),  land  use,  etc. 

The  U.S.  Department  of  Commerce  has  collected  sufficient  dollar 
data  on  363  sectors  of  the  economy  for  the  years  1963  and  1967  to  enable 
the  calculations  described  above  to  be  made.   R.  A.  Herendeen  (1973)  has 
transformed  the  1963  sector  dollar  flows  to  energy  flows  between  sectors, 
and  we  have  developed  the  total  employment  requirements  for  each  sector 
in  1963.   These  data  allow  analysis  of  tradeoffs  between  human  and  mech- 
anical energy.   This  will  be  discussed  below  in  more  detail  where  the 
results  of  the  1963  data  is  updated  to  1971  through  the  judicious  use  of 
dollar  inflators  and  changes  in  energy  and  labor  productivity. 

b.   General  Application 

Because  of  the  low  cost  of  energy  (only  3.6  per  cent  of  producers' 
price  in  1963),  it  is  presumed  by  many  that  industries  simply  do  not 
strive  to  use  energy  efficiently  in  their  production  processes.   Compel- 
ling arguments  for  this  point  of  view  are  made  by  Charles  Bergj,  1972,  who 
claims  that  about  25  per  cent  of  the  total  U.S.  energy  use  could  be  saved 
through  efficiency. 

The  most  ubiquitous  energy  increase  in  industrial  processes  is 
believed  to  have  occurred  via  automation,  that  is,  by  the  displacement 
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of  labor  from  the  production  process.   The  ratio  of  production  workers' 
wages  to  the  cost  of  electricity  increased  by  225  per  cent  from  1951  to 
1969  (Bureau  of  Labor  Statistics,  1972  and  Edison  Electric  Institute, 
1970).  During  that  time,  the  wholesale  price  index  for  electrical 
machinery  increased  by  50  per  cent  (Department  of  Commerce,  1971 )•   These 
factors  indicate  the  pressure  on  decision-makers  to  eliminate  the  increas- 
ingly expensive  worker  from  industrial  processes  and  substitute  machines— 
which  increases  the  energy-intensity  of  a  process.   Thus  energy  produc- 
tivity is  sacrificed  to  increase  labor  productivity. 

We  have  examined  automation  in  some  detail,  with  the  method  des- 
cribed above.   Figure  1  shows  the  amounts  by  which  energy  use  and  employ- 
ment will  change  throughout  the  economic  system  if  a  given  industry's 
delivery  to  final  consumption  increases  by  one  dollar.   While  a  large 
proportion  of  the  industries  are  centrally  clustered,  there  are  some 
very  energy-intensive  ones — asphalt  coatings  and  asphalt  paving,  cement, 
primary  aluminum,  building  paper,  and  chemicals — and  some  very  labor- 
intensive  ones — hospitals,  hotels,  credit  agencies.   (The  calculations 
were  made  with  the  Department  of  Commerce's  1963  figures  (Department  of 
Commerce,  1969).   The  figure  does  not  include  the  multiplier  effects  of 
the  expenditure  and  is  therefore  inappropriate  for  use  in  an  impact  anal- 
ysis. ) 

Another  way  to  consider  the  problem  is  to  examine  the  effects  of 
a  ten  per  cent  proportionate  growth  in  a  given  sector,  with  an  offsetting 
decrease  prorated  among  the  other  sectors  in  proportion  to  their  share 
of  deliveries  to  final  consumption.   See  Figures  2  and  3.   Thus,  the 
economy's  Gross  National  Product  is  unchanged,  and  the  net  multiplier 
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effect  is  assumed  to  be  non-existent.   In  the  illustration  on  pages  7  &  8 
industries  in  the  upper  right  quadrant — those  in  which  a  ten  per  cent 
growth  results  in  more  employment  and  more  energy  use — are  primarily 
agricultural.  Upper  left  quadrant  industries — less  employment,  more 
energy  use — include  basic  material  production,  fabrics,  and  construction. 
Lower  left  quadrant  industries — less  employment  and  less  energy  use — are 
service  oriented,  with  high  wages  and  a  high  degree  of  technology. 
Lower  right  quadrant  industries — less  employment,  more  energy  use — are 
service  oriented,  without  a  great  degree  of  special  labor  saving  tech- 
nology and  with  low  wages.   Fifty  per  cent  of  the  industries  fall  into 
the  upper  left  quadrant,  indicating  that  the  1963  economy  tends  to 
respond  to  an  increase  in  production  by  becoming  more  energy-intensive 
and  less  labor-intensive. 

Figures  1,  2,  and  3  are  addressed  to  the  policy-maker  concerned 
about  the  question  of  growth.   The  numbers  reflect  the  relative  depen- 
dence of  the  U.S.  society  in  1963  on  each  of  its  industries.   For  exam- 
ple, a  10  per  cent  increase  in  delivery  to  final  demand  by  "motor 
vehicles"  would  have  required — throughout  the  economy — an  energy  use 
increase,  directly  and  indirectly,  of  3^  trillion  B.t.u.,  and  a  decrease 
in  employment,  directly  and  indirectly,  of  10*+, 000  jobs.   A  10  per  cent 
increase  in  deliveries  of  postal  services  to  final  demand  would  have 
reduced  energy  consumption  by  about  k   trillion  B.t.u.  and  increased 
employment  about  36,000  in  1963. 

A  problem  with  this  approach  is  the  assumption  that  one  industry's 
gain  in  delivery  to  final  demand  is  absorbed  by  proportionate  losses  in 
all  other  industries.  Actually,  the  product  of  a  given  industry  competes 
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with  only  a  few  other  products — for  example,  aluminum  with  steel  and 
wood  as  structural  members,  steel  with  glass  and  plastic  as  food  con- 
tainers. 

If  one  industry's  gain  were  at  the  expense  of  a  few  competing 
industries,  the  complexion  of  the  illustration  would  change.   Suppose, 
for  instance,  that  a  one-billion-dollar  gain  in  primary  aluminum  deliv- 
eries was  obtained  at  the  expense  of  an  identical  loss  in  steel  deliver- 
ies.  Then,  using  Figure  1,  energy  use  would  increase  by  about  116 
trillion  B.t.u.  (about  0.2  per  cent  of  the  U.S.  total  and  employment 
would  decrease  by  15,000  jobs  (about  0.3  per  cent  of  the  total).  A  one- 
billion-dollar  gain  in  primary  aluminum  deliveries  at  the  proportional 
expense  of  all  other  industries  would  produce,  according  to  Figure  3, 
an  increased  use  of  energy  of  332  trillion  B.t.u.  and  a  loss  of  65,000 
jobs. 

The  results  so  far  indicate  that  most  U.S.  industries  are  trading 
labor  for  energy  (becoming  more  energy-intensive,  less  labor-intensive) 
as  they  grow.   Such  industries,  as  well  as  their  competitors,  can  be 
identified  through  the  use  of  our  models.   Thus,  if  economic  growth  is 
desired,  it  can  be  guided  so  as  to  minimize  the  impact  on  energy  use  and 
maximize  employment  demands.   In  any  event,  the  model  clearly  provides 
an  estimate  of  the  total  energy  and  employment  impact  of  shifts  in  demands, 
We,  of  course,  can  examine  specific  competing  products  (e.g.,  food,  trans- 
portation modes)  and  family  incomes,  government  budgets,  etc.,  for  their 
energy  and  employment  imports. 
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III.   THE  MODEL  APPLIED  TO  TRANSPORTATION  RESEARCH 

As  the  growth  in  demand  for  energy  becomes  greater  than  the 
growth  in  supply,  the  concerned  public  and  policymaker  alike  are  taking 
a  keener  look  at  the  efficiency  of  the  energy-intensive  sectors  of  our 
modern  society.   One  of  the  most  fruitful  areas  appears  to  be  the  use 
of  energy  for  transportation. 

The  approximate  distribution  of  United  States  energy  use  by 
selected  transportation  categories  is  shown  in  Table  1. 

Directly  and  indirectly,  all  modes  of  transportation  consume 
approximately  1*1.8  percent  of  the  total  energy  consumed  in  the  United 
States  (1963).   We  estimate  that  about  one-quarter  of  the  U.S.  work 
force  is  denoted  to  transportation.  Automobiles  consume  almost  one-half 
of  the  total  energy  (12.5$  of  all  U.S.  employment)  used  for  transportation. 
The  direct  energy  is  the  fuel  used  by  the  engine  of  the  vehicle.   Indi- 
rect energy  is  that  needed  to  refine  and  sell  the  fuel  and  oil,  to  make 
and  sell  the  vehicles,  tires  and  spare  parts,  and  to  provide  maintenance, 
roads,  garaging,  parking  insurance  and  financing. 

Table  1  shows  that  approximately  17  percent  of  the  total  United 
States  transportation  energy  is  consumed  directly  as  fuel  by  urban  auto- 
mobiles.  This  is  a  direct  consumption  by  the  urban  automobile  of  approx- 
imately 7-1  percent,  or  a  total  consumption  of  12.3  percent  of  all  the 
annual  United  States  energy  consumtpion.   In  comparison,  the  urban  (and 
suburban  and  school)  bus  consumes  approximately  0.33  percent  of  all  the 
direct  energy  used  for  transportation  in  the  United  States  annually. 
This  is  a  direct  consumption  by  urban  buses  of  O.lU  percent,  or  a  total 
consumption  of  0.2U  percent,  of  the  total  annual  United  States  energy. 
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Transportation 
Category 


Percent  of 
All  Transportation 
Energy 


Percent  of 
All  U.S. 

Energy 


Directly 


55. 3C 


23.  lc 


Total  Transportation 
Used (1963) 

All  U.S.  Autos 

Used (1963) 

All  Urban  Autos 

Used (1971) 

All  Urban  Buses 

Used (1971) 


Directly 

and 
Indirectly 


100 


Ul.8C 


Directly 


28. 5( 


11. 9( 


Directly 

and 
Indirectly 


U9.5j 


20.7 


Directly 


17.0* 


7.1 


Directly 

and 
Indirectly 


29.  k^ 


12.31,r 


Directly 


0.33 


O.lU- 


Directly 

and 
Indirectly 


0.58n 


0.2Um's 


a.  Total  refers  to  the  sum  of  direct  and  indirect  energy. 

b.  This  includes  urban,  rural,  and  school  buses  (not  intercity). 

c.  Herendeen  (1973). 

d.  Assumes  that  transportation  and  the  CNP  have  similar  indirect  energy, 
intensities  (55-3$  =  23.1/0.1*18). 


e.  (28.5$  =  11.9/0.U18) 

f.  (^9.5$  =  20.7/0.U18) 

g.  (17. 0#  =  55-3  x  0.307q) 
h.  (1.1%   =  17.0  x  O.U18) 
i.  (12.3*  =  7.1/0.577) 

j.  (29. W  =  12.3/0.U18) 

k.  (0.33$  =  0.006q  x  55.3) 

1.  (O.lU*  =  0.33  x  O.U18) 

m.  (0.2U#  =  O.lU/0.577) 
(0.58^  =  0.2U/0.1+18) 


n. 

p. 

r. 
s. 


The  ratio  of  all  auto  direct  enrgy  to  total  transportation  direct 
enrgy  was  0.515  in  1963  and  0.571  in  1972c. 

Goss  and  McGowan  (1972). 

Assumes  that  urban  autos  and  average  autos  have  similar  indirect 
energy  intensities. 

Assumes  that  buses  have  similar  indirect  energy  intensities  to 
average  autos. 


Table  1.   Approximate  percentage  distribution  of  annual  direct  and  total 
United  States  energy  used  by  selected  transportation  categories. 
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Clearly"  the  automobile  dominates  urban  passenger  transport  energy 
comsumption  and  is  a  major  single  consumer. 

2.   General  Results 


The  dollar,  energy  and  employment  cost  of  various  competing 
modes  of  transportation  are  compared  in  Table  2.   As  in  the  previous 
table,  these  data  account  for  the  entire  system  associated  with  the 
particular  transport  mode.   Thus  for  example,  the  total  energy  cost  of 
the  intercity  car  contains  the  energy  used  to  make  and  supply  the 
car  and  its  spare  parts  and  the  highway  and  all  the  materials  which 
went  into  their  making,  the  energy  to  make  and  supply  the  fuel  (and 
the  fuel  energy)  and  the  energy  to  provide  the  services  of  maintenance, 
police,  garaging,  parking  insurance,  financing,  etc. 

From  Table  2  we  see  that  flying  is  a  relatively  energy 
intensive  process  whether  it  is  used  for  passengers  or  freight.   Cars 
are  more  energy  intensive  than  buses,  trucks  than  trains  and  barges. 
In  general  the  slower,  the  less  energy  intensive  (energy  use  varies 
mainly  as  the  square  of  the  velocity). 

Note  that  these  data  are  the  average  of  the  mode  as  it  existed 
in  1971.   The  cost  intensity  will  vary  over  the  range  of  use.   For 
example  trains  in  direct  competition  with  inland  barges  are  about  20% 
more  energy  efficient  when  circuitry  (deviations  from  great  circle 
distances)  and  specific  freight  origins  and  destinations  are  considered. 
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Trains  in  direct  competition  with  trucks  ("piggyback"  operations)  are  more 
energy  intensive  than  the  average  cited  in  Table  2. 

Note  that  the  urban  bus  is  less  energy  intensive  but  more  dollar 
expensive  than  the  urban  car.   This  pair  and  the  competing  freight  modes 
are  compared  in  more  detail  below. 

b.  Application  to  Urban  Car-Bus  Substitution 

Using  auto  data  from  28  cities  and  data  from  38  bus  companies 
(Hannon  and  Puleo,  197*0  in  the  Energy-Employment  model,  we  computed 
the  average  total  dollar,  energy  and  labor  costs  for  the  four  main  purposes 
of  auto  travel  and  for  average  bus  travel.   We  then  used  a  simple  passenger 
transfer  model  (assuming  constant  bus  costs  per  passenger)  and  computed 
the  change  in  these  costs  under  two  separate  transfer  scenarios. 

First,  we  assumed  the  average  car  passenger  switches  to  the  bus  and 
sheds  the  entire  auto  expense.   This  would  be  the  long  term  result  or  the 
result  if  an  individual  sold  their  second  car;  for  example,  used  only  to 
get  to  work,  and  took  the  bus  to  their  job,  and  if  land  use  patterns 
changed  such  that  the  residence-work  area  of  the  present  average  car  user 
became  identical  to  that  of  the  present  average  bus  user.   The  net  changes 
in  cost  are  shown  in  Table  3-   In  brief,  the  average  passenger  would  save 
money  if  they  switched  to  the  bus  for  work  and  recreational  trips  and  lose 
small  amounts  of  money  on  the  business  and  educational  trip  uses  of  the 
bus.  All  transfers  saved  energy.   Labor  cost  changes  varied  with  the 
dollar  cost  changes. 

Second,  we  assumed  that  an  individual  wishes  to  transfer  some  of 
his  trips  from  car  to  bus,  and  keep  his  car  for  the  remaining  purposes. 
The  net  changes  in  cost  are  shown  in  Table  k.      Dollar  costs  increased  for 
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TRIP  PURPOSE 

Work 

Faaily  Business 

Education 

Recreation 

Jipionrpfi    Averaoc> 


DOLLAR 
+302.542 

-  30.178 

-  53.882 
+169.002 
+338.634 


ENERGY 
(BTUxlO  ) 

+  64.751 

+  22.920 

+  3.287 

+  49.144 

4-1  OQ  10  0 

•  J-  -/  s   •  -*-  *-  *- 


LABOR 
(JOBSxlO   ) 


+16.516 

-  6.065 

-  5.169 
+  7.275 
+  8.465 


Table  3:   Total  DEL  Decrease   (+)  Per  Car  Per  Year,  Nationwide 

Transfer  1971. 


Source:   Hannon  and  Puleo,  1974. 
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TRIP  PURPOSE 

DOLLAR 

ENERGY 
(BTUxlO5) 

LABOR 
(JOBSxlO   ) 

Work 

-  14.72 

+  49.68 

-  5.43 

Family  Business 

-186.46 

+  15.50 

-16.88 

Education 

-  92.17 

+  1.47 

-  7.82 

T>„„, 4-1   -- 

T  JO . /O 

-10,72 

Table  4:    Individual  Transfer  DEL  Cost  Decrease  (+)  Per  Car-Year.  1971. 


Source:   Hannon  and  Puleo,  1974. 
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every  purpose,  energy  use  decreased  and  employment  increased.   Thus  we 
find  the  transportation  dilemma  in  the  urban  area.   That  is,  the  equili- 
brium transfer  system  is  less  dollar,  energy  and  labor  expensive  but  no 
one  will  likely  pay  the  dollar  cost  which  must  be  overcome  to  get  started. 
We  have  calculated  that  the  price  of  auto  gasoline  would  have  to  rise  to 
93  cents  per  gallon  (1971 )  or  bus  ridership  increase  77  percent  (from  an 
average  of  12  to  21  passengers  per  bus)  before  the  individual  auto  passen- 
ger would  become  economically  indifferent. 

Another  problem  arises  with  the  question  of  what  a  consumer  might 
do  with  any  dollar  savings  resulting  from  the  transfer  to  a  bus.   A  method 
for  approaching  this  question  which  is  largely  behavioral  in  nature,  is 
developed  in  Tables  5  and  6.   In  Table  5  we  compute  (from  Tables  3  and  k) 
the  energy  and  job  savings  intensity  (BTU  or  jobs  per  dollar  saved)  in  the 
transfer  process.   In  Table  6,  we  present  the  results  of  applying  our  model 
to  the  various  activities  of  personal  consumption  to  determine  their  total 
energy  and  labor  intensities.   For  example,  as  long  as  the  average  former 
auto  passenger  doesn't  spend  his  dollar  savings  (Ul0,830  BTU  per  dollar) 
on  electricity  or  gasoline  and  oil,  he  will  save  energy  in  the  transfer  to 
buses.   Suppose  he  spent  it  on  "furniture"  which  has  a  total  energy  inten- 
sity of  36,661+  BTU  per  dollar.   Then  his  net  energy  savings  intensity  is 
37^,200  BTU  for  each  dollar  saved. 

c.   Application  to  Intercity  Freight  Movement 

The  operation  of  vehicular  freight  carriers  (barge,  train,  truck) 
have  been  examined  for  flexibility,  costs,  subsidies,  regulation  and  resource 
demands  (Hannon,  197^  b).   The  conclusion  reached  was  that  trains  compete 
with  both  barge  and  truck  but  the  latter  two  do  not  compete  with  each  other. 
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NATIONWIDE  CHANGE 


INDIVIDUAL  TRANSFER 


ENERGY    .  LABOR    _.       ENERGY    -         LABOR 

TRIP  PURPOSE    (BTU/DOLLAR)xlO  )   (JOBS/DOLLAR)xlO   )  (BTU/DOLLAR)xl0  )  (J03S /DOLLAR) xlO   ) 


Work 

Faaily  Business 

Education 


+214.02 
-759.49 
-  61.00 


Recreation         +290.79 
Weighted  Average    +410.83 


+  54.59 
+200.97 
+  95.93 
+  43.05 
+  24.99 


337.50 

+368.89 

83.13 

+  90.53 

15.95 

+  84.84 

403.25 

+117.53 

230.36 

+102.94 

Table   5:  Energy  and  labor  ir.pacts  per  dollar  for  a 

nationwide  change  and  individual  transfer  for  1971 

(decrease  is  +) 

Source:   Hannon  and  Puleo,  1974. 
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Personal  Consumption  Expenditure 
Sector  Description 


Energy 
Intensity  BTU/$ 

Labor 

Intensity  Jobs/$ 

502,1*73 

O..OU363 

1*80,672 

0.07296 

78,120 

0.07332 

58,721* 

0.09551 

55,603 

0.0775^ 

1*5,593 

0.089^8 

1*1,100 

0.08528 

36,661* 

0.09176 

33,065 

0.10008 

32,398 

0.08756 

31,M*2 

0.0981+5 

27,791 

O.O86365 

26,121 

0.17189 

23,5^ 

0.01+839 

21,520 

0.0781+5 

19,818 

O.0585I+ 

19,0^3 

0.051+93 

18,321+ 

0.03502 

10,271 

0.03258 

8,250 

O.OI676 

Electricity 

Gasoline  and  oil 

Cleaning  preparations 

Kitchen  and  household  appliances 

New  and  used  cars 

Other  durable  house  furniture 

Food  purchases 

Furniture 

Women  and  children's  clothing 

Meals  and  b  ever  age  s. 

Men  and  boys  clothing 

Religious  and  welfare  activity 

Privately  controlled  hospitals 

Automobile  repair  and  maintenance 

Financial  interests  except  insurance  co 

Tobacco  products 

Telephone  and  telegraph 

Tenant  occupancy  nonfarm  dwelling 

Physicians 

Owner  occupancy  nonfarm  dwelling 


Table  6:   The  Energy  and  Labor  Intensity  of  the  Largest  Twenty  (Dollarwise) 
Activities  of  Personal  Consumption  Expenditures,  Ranked  in 
Order  of  Decreasing  Energy  Intensity,  1971.   Source:   Hannon 
&  Abbott,  1974. 
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Truck-train  competition  is  reaching  equilibrium  while  barge-train  compe- 
tition continues.   Trains  are  substantially  out subsidized  relative  to 
the  other  two  modes.   Rail  companies  have  an  unattractive  financial  status. 
Yet  rail  energy  demands  are  the  smallest  for  any  mode  on  a  freight  ton-mile 
basis.   Employment  requirements  of  the  three  modes  vary  generally  with  the 
freight  costs.   Trucks  are  most  sensitive  to  the  dollar  cost  of  fuel;  water 
transport  is  slightly  less  sensitive  than  train  transport. 

Flexibility,  as  represented  by  average  speed  and  range,  is  generally 
regarded  as  a  measure  of  competition.  Another  measure  of  competition  is 
the  average  revenue  per  ton  mile,  provided  it  is  an  accurate  assessment  of 
all  expenses.   Still  another  measure  is  the  total  right-of-way  network 
length  and  circuity.   These  measures  are  shown  in  Table  7  for  barge,  rail, 
and  truck  freight.   The  cost  range  between  modes  is  sizeable,  but  barge 
costs  do  not  include  any  right-of-way  costs,  and  truck  costs  include  approx- 
imately half  to  three-fourths  of  their  allocated  amount  of  right-of-way  costs 
Rail  costs  reflect  private  ownership  of  the  right-of-way,  including  right- 
of-way  taxes.   It  is  not  known  how  much  these  costs  are  influenced  by  the 
large  land  subsidies  given,  more  than  a  century  ago,  to  the  railroads, 
particularly  in  the  West.   Since  the  costs  do  reflect  the  scale  of  the 
average  speeds  and  geographic  intensity  of  the  right-of-way  network,  it 
is  somewhat  surprising  to  find  that  the  railroads  haul  farther  on  the 
average  than  the  slower  barges.   The  more  flexible  trucks  haul  about  half 
as  half  as  far  as  rail  on  the  average,  at  twice  the  average  speed.   Trucks, 
characteristically  moving  "overnight"  distances,  are  well  suited  to  the 
recent  dispersion  of  industry  along  the  interstate  system.   Offsetting,  to 
some  extent,  the  large  difference  in  cost  of  hauling  between  the  three 
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Barge(a) 

Rail(c) 

(c) 

Truck K    ' 

6 

20 

U0 

330 

U90 

260 

25,000 

335,000 

920,000^ 

1.70 

1.25 

1.20 

0.29 

1.35 

7.21 

Speech    ,  Miles/Hour 
Haul  Distance,  Miles 

Miles  of  Right-of-Way 

(e) 

Circuity vy 

Revenue,  (Cents)  Per  Ton  Mile 


(a)  Inland  Barges;  includes  intra-  and  inter-coastal  and  Great  Lakes  movement. 

(b)  Average  route  speed:   includes  waiting  for  locks,  "slow  orders,"  etc. 
Barge  speed  is  upstr earn-downstream,  loaded-unloaded  average  on  Mississippi 
and  Ohio  Rivers. 

(c)  Class  I  railroads  and  Class  I  intercity  trucks. 

(d)  Primary  and  secondary  federal-aid  only. 

(e)  Average  deviation  from  great  circle  distance. 

Table  7.   The  Average  Speed  (1970),  Range  (1970),  Miles  of  Right-of-Way  (1971), 
and  Revenue  (1969)  Per  Ton  Mile  for  Intercity  Barge,  Rail  and  Truck.   Source: 
Hannon,  1974b. 
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modes  is  the  fact  that  inventory  and  warehousing  costs  are  generally- 
smaller  for  the  faster  modes.   Small  inventories,  however,  have  the  dis- 
advantage of  being  especially  sensitive  to  resource  shortages,  for 
example,  a  fuel  shortage  which  would  affect  freight  deliveries. 

The  numbers  in  Table  1  are,  of  course,  averages  and  do  not  reflect 
the  detail  of  modal  competition  which  prevails  in  specific  areas.   Table  1 
is  intended  to  allow  a  relative  ranking  of  the  modes.   In  general,  it  appears 
that  both  barge  and  truck  compete  with  rail,  but  not  with  each  other. 
Barges  are  competing  with  rail  on  the  long  haul  commodities  such  as  minerals 
and  grain,  while  trucks  have  already  taken  most  of  the  shorter  haul  rail 
deliveries.   From  i960  to  1970,  the  intercity  haul  distance  by  barges 
increased  16  percent,  by  rail  it  increased  11  percent,  and  by  truck  it 
decreased  k   percent  (U.S.  Department  of  Transportation,  1972,  pp.  25,  30, 
35,  indicating  again  that  barges  and  trains  are  competing  for  unit  long- 
haul  operations,  and  that  train  and  truck  competition  has  probably  reached 
equilibrium.   This  arrangement  is  further  indicated  by  the  increasing  num- 
ber of  trucks  traveling  by  rail  (Association  of  American  Railroads,  1973a, 
p.  36).  Such  an  arrangement  is  probably  not  the  most  energy-efficient  rail 
hauling  process  since  these  "piggyback"  trains  run  especially  fast,  have 
higher  than  normal  wind  resistance,  and  have  lower  than  normal  cargo-to- 
gross  weight  ratio.   Trains  sometimes  act  as  feeder  lines  for  barges,  and 
trucks  occasionally  perform  this  role  for  both  of  the  other  modes.   Truck- 
barge  or  truck-rail  combinations  sometimes  act  to  compete  with  the  remain- 
ing mode. 

We  have  applied  the  model  to  each  transportation  mode  by  first 
determining  the  fractional  breakdown  of  the  dollar  cost  of  a  ton-mile  of 
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freight.   These  categories  included  purchases  of  fuel,  machinery,  build- 
ings, equipment  and  right-of-way  maintenance,  insurance,  financing, 
right-of-way  construction,  etc.   These  values  must  be  deflated  to  the 
year  19^3  and  identified  with  the  appropriate  sector  in  the  model.   The 
dollar  values  in  each  sector  are  then  simply  multiplied  by  the  energy 
multiplier  from  the  model  (direct  fuel  energy  is  tabulated  directly  from 
user  data)  and  summed  to  the  total  direct  and  indirect  energy  per  ton- 
mile  of  freight  by  that  particular  mode.   The  results  are  given  in  Table  8. 
The  truck  freight  system  is  obviously  more  expensive  than  the  rail  freight 
system,  per  ton-mile.   These  cost  differentials  reflect  the  truck  system's 
greater  flexibility  and  speed.   They  also  demonstrate  the  effects  of  air 
drag  and  the  stronger  railroad  labor  union  and  circuity. 

It  is  apparent  that  initially  a  move  from  truck  to  rail  shipping 
would  save  energy,  reduce  dollar  cost,  and  reduce  employment.   Some  of 
the  dollar  cost  reduction  would  probably  be  required  to  build,  operate,  a 
and  maintain  expanded  railroad  terminal  facilities.   Nevertheless,  the 
following  calculations  are  instructive.  Assuming  that  average  and  marginal 
costs  per  ton  mile  are  equal,  and  that  the  cost  difference  shown  in  Table  2 
persist  throughout  the  change  period,  about  $28  billion  dollars  would  have 
been  freed  in  1971  had  all  intercity  truck  freight  moved  by  rail.   Under 
the  same  assumption  about  costs,  the  switch  to  rail  would  have  saved  about 
190  million  barrels  of  oil  (energy  equivalent)  in  1971 »  and  disemployed 
about  i+50,000  workers.   If  the  $28  billion  was  absorbed  as  a  federal  tax 
and  spent  on  railway  construction  (Bezdek  and  Hannon,  1973),  the  net  savings 
from  the  shift  of  truck  freight  to  rail  would  be  10  million  barrels  of  oil 
(energy  equivalent)  per  year,  and  a  net  increase  of  1.6  million  jobs. 
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From  Table  8  we  find  that  if  all  barge  traffic  had  moved  by  rail, 
freight  cost  would  have  increased  about  $k   billion  per  year.  Assuming 
this  cost  increase  was  passed  through  to  the  consumer   (Sebald  and 
Herendeen,  1973)  and  reduced  his  general  expenditures  proportionately, 
energy  use  would  have  decreased  about  U8  million  barrels  of  oil  (energy 
equivalent)  per  year,  and  130,000  jobs  would  have  been  lost,  in  1971. 

Table  9  shows  the  freight  modes'  sensitivity  to  the  dollar  value 
of  energy  in  1963.   From  Table  3  we  see  that  the  three  transport  modes 
spend  most  of  their  energy  dollar  on  refined  petroleum.   The  second  most 
important  energy  source  in  terms  of  dollar  cost  is  electricity,  followed 
by  natural  gas  and  coal.   Railroads  paid  slightly  more  for  all  energy 
forms  than  did  water  transport,  and  trucks  paid  substantially  more  than 
railroads.  As  an  example  of  using  the  information  in  Table  9,  suppose 
that  the  price  of  refined  petroleum  doubled,  and  all  price  increases  were 
fully  passed  on  to  the  consumer.   Then  the  consumer  of  water  transport 
services  would  see  a  3.6  percent  increase,  the  consumer  of  railroad  ser- 
vices would  see  a  3.8  percent  increase,  and  the  consumer  of  motor  freight 
services  would  see  an  increase  of  1+.8  percent,  in  dollar  costs.   Thus, 
trucks  were  25  percent  more  sensitive  to  the  producer's  price  of  refined 
petroleum  than  were  railroads  and  railroads  were  7  percent  more  sensitive 
than  water  transport.   Note  that  here,  water  transport  includes  ocean 
going  vessels.   The  dollar  cost  of  energy  for  inland  water  transport  is 
probably  higher  than  shown  in  Table  9  due  to  the  lack  of  streamlining 
of  barges,  and  the  relatively  small  loads  per  barge  tow.   I  conclude, 
therefore,  that  inland  barges  and  railroads  are  about  the  same  in  sensi- 
tivity to  energy  prices. 
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Cost  or  Total  Employment 

Mode  Revenue,  Cents      Total  Energy  Use   Demand 

Truck^  8.0  5200              10. 3 

Rail  Freight (b)  1.6  1600               l.k 

Barge ^  0.3  1600               0.6 

Truck/Rail  Ratio  5-0  3.3               9,0 

Barge/Rail  Ratio  0.2  1.0               0.H 


(a)  Costs  are:   Dollars  and  energy:   Cents  and  Btu  per  ton  mile;  Employ- 
ment, man-years  per  million  ton  miles.   Employment  does  not  include 
household  or  government  industries.   All  costs  are  for  services  given 
between  mode  terminals  only.   Note  that  these  data  are  the  average 
for  the  entire  mode. 

(b)  The  railroad  companies  which  compete  directly  with  the  barges  are 
somewhat  (1330  Btu/TM)  more  energy  efficient  than  barges.   The 
trailer  train,  hauling  trucks  ("piggyback"),  competes  directly  with 
long-distance  highway  trucking,  and  is  substantially  less  energy 
efficient  than  the  average  for  rail  shown  above. 

(c)  Dollar  cost:   American  Trucking  Associations,  Inc.  (1973).   Energy 
and  Labor  costs:   Penner  (197^)«   Does  not  include  full  right-of-way 
costs. 

(d)  Does  not  include  right-of-way  cost.   Barge  circuity  is  38  percent 
greater  than  rail  and  the  above  barge  costs  were  increased  accordingly 
to  compare  with  truck  and  rail. 


Table  8.   A  comparison  of  the  Estimated  Average  Dollar,  Energy  and 
Employment  Costs  (a)  of  the  Freight  Transport  Modes  Using  Intercity  High- 
ways or  Railroads  for  1971-   Source:   Hannon,  197^+b. 
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M 


(e) 


Fuel  Type 

Water 

Transport 

Railroads 

Motor 

Freight 

Coal 

0.16 

0.18 

0.09 

Crude  Oil 

1.81* 

1.9t 

2.1+0 

Refined  Petroleum 

3.55 

3.79 

M5 

Electricity 

0.73 

O.70 

0.82 

Natural  Gas 

0.51 

0.53 

0.1+7 

(e) 

All  Energy v; 

5. 07 

5.^5 

6.33 

(a)  Values  do  not  include  taxes. 

(b)  Includes  ocean  going  vessels. 

(c)  Includes  all  classes  of  railroads,  passenger  and  freight. 

(d)  Includes  all  trucks,  urban  and  intercity. 

(e)  Double  counting,  i.e.  counting  the  cost  of  electricity  which  includes 
say,  the  cost  of  coal  input,  and  then  adding  on  the  cost  of  coal,  is 
avoided. 


Table  9«   Total  (Direct  and  Indirect)  Dollar  Values    Expended  for  Energy 
of  Various  Types  per  Dollar  of  Services  Delivered  to  Final  Consumption  by 
Water  Transport,  Railroads  and  Motor  Freight,  in  Cents  per  Dollar,  1963. 
Source:   Hannon,  1974b. 
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d.   Policy  Application:   Alternatives  to  the  Highway  Trust  Fund 
The  direct  and  indirect  dollar,  energy,  and  employment  costs  of 
reinvesting  the  $5  billion  (1975)  Highway  Trust  Fund  in  six  alternative 
federal  programs  were  determined  using  the  energy-employment  model 
(Bezdek  and  Hannon,  1973).   These  alternative  programs  are:   Railroad 
and  Mass  Transit  Construction,  Educational  Facilities  Construction, 
Water  and  Sewer  Facilities  Construction,  the  Law  Enforcement  Program, 
National  Health  Insurance  Program,  and  Tax  Relief  Program. 

Energy  consumption  would  be  reduced  by  shifting  the  Highway  Trust 
Fund  to  any  of  these  categories  except  the  Tax  Relief  Program.   Employ- 
ment would  be  increased  in  all  cases.   Energy  consumption  impact  by  type 
of  energy  are  presented  and  employment  impact  by  occupation  for  the 
shift  to  rail  construction  is  shown. 

Model  Application 

The  first  step  in  simulating  the  net  employment  impacts  of  alter- 
native uses  of  the  Highway  Trust  Fund  required  projecting  broad  economic 
parameters  and  control  data  to  1975  to  provide  an  economic  framework 
for  simulation.   This  required  projecting  gross  national  product,  capital 
investment,  rates  of  price  change,  and  other  aggregate  economic  variables 
on  the  basis  of  regression  analyses  of  time  series  data  on  these  vari- 
ables for  the  postwar  period.   We  estimated  that  by  1975  the  size  of  the 
Highway  Trust  Fund  was  likely  to  be  about  $5  billion.   While  this  esti- 
mate may  turn  out  to  be  somewhat  in  error,  the  point  is  that  we  were 
concerned  here  with  determining  the  energy  and  manpower  effects  of  reallo- 
cating a  specified  level  of  funds  from  highway  construction  to  other  uses 
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To  generate  the  direct  output  requirements  of  $5  billion  of  expen- 
ditures on  each  of  the  seven  program  alternatives  considered  here,  we 
utilized  the  appropriate  "final  demand"  vectors  from  the  1975  version  of 
the  CAC  Energy- Employment  Policy  model.   Each  of  these  vectors  showed 
how  funds  devoted  to  each  program  were  likely  to  be  distributed  as  direct 
output  requirements  in  the  near  future.   Since  the  base  year  of  the  model 
is  presently  1958,  expenditures  on  each  type  of  program  had  to  be  first 
translated  from  current  (1975)  dollars  into  1958  constant  dollars  via 
separately  derived  price  deflators.   Once  this  was  done  a  separate  man- 
power impact  simulation  was  conducted  for  each  program  alternative. 
Each  simulation  showed  how  $5  billion  dollars  allocated  to  a  specific 
program  was  likely  to  be  translated  into  direct  and  indirect  occupational 
manpower  requirements  in  the  near  future. 

The  program  alternatives  considered  here  can  be  interpreted  in  a 
straightforward  manner.   Four  of  them — Highway  Construction,  Railroad 
and  Mass  Transit  Development,  Educational  Facility  Construction,  and 
Water  and  Waste  Treatment  Facilities  Construction — refer  to  different 
types  of  construction  programs.   Criminal  Justice  and  Civilian  Safety 
refer  to  public  expenditures  on  all  types  of  law  enforcement  and  criminal 
justice  programs,  while  National  Health  Insurance  pertains  to  a  compre- 
hensive federal  program  of  direct  medical  assistance  payments.   The  sim- 
ulated tax  relief  alternative  was  developed  assuming  an  across-the- 
board  tax  cut  equal  to  the  size  of  the  Highway  Trust  Fund  and  propor- 
tioned among  the  different  detailed  categories  of  personal  consumption 
expenditures.   In  developing  this  latter  alternative  we  assumed  that  the 
marginal  propensity  to  consume  for  the  tax  rebate  would  be  equal  to  one 
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and  that  the  funds  would  be  spent  proportionately  among  detailed  personal 
consumption  goods  and  services. 

At  the  time  our  research  was  being  conducted  the  necessary  data 
were  not  yet  available  which  would  permit  us  to  project  the  energy  input 
coefficients  to  1975-   To  determine  the  likely  direct  and  indirect  energy 
requirements  of  each  of  the  program  alternatives  we  had  to  utilize  the 
energy  components  of  the  model  developed  at  the  367  level  of  industry 
detail  for  1963.   First  we  aggregated  the  energy  matrix  to  match  the  90- 
order  sector  detail  of  the  activity-industry  matrix.   Then,  using  the 
distribution  of  the  total  inputs  to  each  activity,  we  determined  the 
energy  intensity  (BTU/$)  of  each  specified  program  alternative  by  mul- 
tiplying the  total  primary  (direct  and  indirect)  energy  vector  by  the 
activity-industry  vector.   We  next  deflated  the  projected  $5  billion 
1975  Highway  Trust  fund  to  1963  prices  to  convert  it  into  the  constant 
dollar  units  of  the  energy  matrix.   Finally,  we  estimated  the  total 
energy  cost  of  the  expenditures  on  each  program  alternative  by  multiply- 
ing the  deflated  expenditures  on  each  program  times  the  total  energy 
intensity  of  that  activity.   This  step  completed  our  simulation  of  the 
energy  and  employment  effects  of  the  Highway  Trust  Fund  and  of  various 
alternatives. 

Before  discussing  the  empirical  results  of  this  study  it  is  impor- 
tant to  note  the  assumptions  involved  in  our  analysis.   First  of  all, 
the  input-output  model  assumes  that  all  industries  possess  a  linear 
homogeneous  production  function  and  exhibit  constant  returns  to  scale. 
Our  approach  thus  implies  that  output,  energy  and  manpower  requirements 
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will  change  proportionately  with  the  level  of  production  in  each  indus- 
try.  Second,  we  assume  that  an  increase  or  decrease  in  spending  on 
any  of  the  programs  will  not  change  the  distribution  of  expenditures  on 
the  program  inputs  and,  analogously,  that  any  change  in  total  employ- 
ment requirements  for  an  industry  will  be  reflected  in  proportionate 
changes  in  demand  for  the  occupations  employed  within  that  industry. 
Especially  for  some  programs  and  certain  industries  this  is  a  very  strict 
assumption,  but  the  incorporation  of  comprehensive  nonlinear  relation- 
ships into  our  model  was  not  feasible.   Finally,  the  employment  concept 
used  here  is  short  run  and  does  not  include  any  employment  effects  which 
may  arise  indirectly  from  the  expenditure  shifts  simulated.   Thus,  for 
example,  while  our  analysis  allows  us  to  estimate  the  change  in  manpower 
requirements  likely  to  result  from  transferring  $5  billion  from  highway 
construction  mass  transit  development,  we  make  no  attempt  to  estimate 
here  the  net  occupational  effects  which  may  come  about  as  commuters 
begin  to  shift  to  mass  transit  from  automobiles. 

Results 

The  estimated  energy  and  employment  impact  of  the  Highway  Trust 
Fund  and  the  six  program  alternatives  to  it  are  summarized  in  Table  10. 
For  every  program  alternative  to  Highway  Construction  except  the  Crim- 
inal Justice  Program,  energy  requirements  decrease.   If  the  funds  are 
spent  on  Railroad  and  Mass  Transit  rather  than  Highway  Construction, 
the  total  primary  energy  demands  would  be  about  62  percent  lower,  mainly 
because  of  significantly  lower  steel  and  concrete  usage.   But  if  the 
reduction  in  the  Highway  Trust  Fund  is  used  to  provide  Criminal  Justice 
and  Civilian  Safety,  then  energy  demands  would  increase  about  three 
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percent  relative  to  Highway  Construction.   This  increase  is  due  primarily 
to  a  substantial  amount  of  office  heating  and  lighting  and  to  gasoline 
use  in  patrol  cars.   Spending  the  Highway  Trust  Fund  for  the  Construction 
of  Water  and  Waste  Treatment  Facilities  reduces  energy  requirements  by 
U2  percent;  spending  it  for  the  construction  of  Educational  Facilities 
decreases  energy  demands  by  37  percent;  while  reallocating  it  to  a 
National  Health  Insurance  Program  or  to  a  Tax  Relief  Program  decreases 
energy  requirements  by  6k   percent  and  23  percent,  respectively. 

The  effects  on  total  employment  requirements  can  be  read  in  a  sim- 
ilar manner  from  Table  10.   Here  we  see  that  each  of  the  program  alter- 
natives considered  generate  higher  total  labor  requirements.   The  net 
job  creating  advantage  of  some  programs,  such  as  Railroad  and  Mass 
Transit  Development  and  Waste  Treatment  Plant  Construction,  is  likely 
to  be  quite  low  (three  percent  and  one  percent,  respectively);  while 
the  increase  in  total  employment  resulting  from  a  reallocation  to  other 
programs,  such  as  National  Health  Insurance  or  Criminal  Justice  and 
Civilian  Safety,  is  likely  to  be  substantial.   The  results  of  Table  10 
should  thus  be  of  special  interest  to  federal  executives  and  legislators 
concerned  with  energy  and  manpower  policies.   It  is  clear  that  certain 
programs  have  low  energy  and  high  employment  demands  relative  to  Highway 
Construction.  All  of  the  alternative  construction  programs  are  less 
energy  and  more  labor  demanding. 

For  manpower  policy,  however,  it  is  important  to  break  down  the 
aggregate  employment  shifts  listed  in  Table  10  into  the  net  effects  upon 
demand  for  specific  occupations,  jobs,  and  levels  of  skill.   The  net 
positive  and  negative  effects  of  one  of  the  simulated  program  alternatives 
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upon  selected  categories  of  manpower  resources  is  in  Table  11.   This 
table  summarizes  the  major  net  occupational  manpower  shifts  likely  to 
result  from  transferring  Highway  Trust  Fund  monies  to  The  Railroad  and 
Mass  Transit  Construction  alternative.   The  occupational  changes  in 
this  table  were  weighted  by  the  total  forecast  1975  U.S.  employment  in 
that  occupation,  and  ranked  in  descending  order  of  impact  for  each 
program  alternative. 

Table  12  shows  the  direct  and  indirect  energy  demand  for  the  four 
basic  types  of  energy  created  by  the  seven  federal  spending  options  of 
5  billion  1975  dollars.  A  Personal  Consumption  dollar  provides  the  major 
demand  for  electricity.   Water  and  Sewerage  Construction  is  the  most 
coal  demanding,  probably  because  of  a  relatively  high  consumption  of 
basic  structural  steel  (coke).   The  Criminal  Justice  Program  is  the 
largest,  or  nearly  the  largest,  consumer  of  all  energy  forms,  although 
Highway  Construction  is  the  leading  consumer  of  refined  petroleum, 
through  cement  manufacturing.   National  Health  Insurance  is  the  third 
major  user  of  electricity  (to  run  small  machines,  air  conditioners,  and 
lighting).   Most  (77  percent)  of  the  Health  Insurance  funding  goes  into 
the  highly  labor  intensive  medical  services  sector.   Highway  Construction 
is  also  a  major  consumer  of  natural  gas,  again  probably  due  to  cement 
manufacturing.   Personal  Consumption  and  Educational  Facilities  Construc- 
tion require  a  very  diverse  range  of  products.   It  is  therefore  difficult 
to  make  a  priori  estimates  of  the  energy  use  in  these  three  categories, 
as  it  is  almost  all  consumed  indirectly  by  the  many  industrial  and 
commercial  sectors  involved. 

The  central  conclusion  is  that  if  the  Highway  Trust  Fund  were 
diverted  into  Railroad  and  Mass  Transit  Construction,  energy  demands 
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1975  dollars.   Personal  consumption  provides  the  major  demand  for  all  types 
of  energy,  except  coal,  where  Waste  Treatment  Plant  Construction  is  the  high- 
est, probably  because  of  a  relatively  high  consumption  of  basic  structural 
steel  (coke).   Highway  Construction  is  the  largest  consumer  of  refined  petro- 
leum primarily  through  cement  manufacturing.   National  Health  Insurance  is 
the  second  major  user  of  electricity  (to  run  small  machines,  air  conditioners, 
and  lighting).   Most  (77  percent)  of  the  Health  Insurance  funding  goes  into 
the  highly  labor  intensive  medical  services  sector.   Highway  Construction  is 
also  a  leading  consumer  of  natural  gas,  again  probably  due  to  cement  manufac- 
turing.  Law  Enforcement,  Mass  Transit  Construction,  and  Educational  Facili- 
ties Construction  require  a  very  diverse  range  of  products.   It  is  therefore 
difficult  to  make  a  priori  estimates  of  the  energy  use  in  these  three  cate- 
gories, as  it  is  almost  all  consumed  indirectly  by  the  many  industrial  and 
commercial  sectors  involved. 
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would  "be  reduced  and  employment  would  rise  (even  in  the  construction 
trades).  We  can  also  see  from  Table  2.  that  the  main  (auto-truck) 
highway  users  are  more  energy  intensive  operations  than  rail  passenger 
and  freight  transport.   Thus  the  fund  diversion  would  have  a  long  term 
energy  conserving  effect. 
IV.   CONCLUSIONS 

The  energy  and  employment  intensities  for  each  of  362  industrial- 
commercial  sectors  of  the  U.S.  economy  was  demonstrated  for  data  from 
the  year  1963,  the  latest  available.   These  data  were  updated  to  1971 
and  applied  to  various  modes  of  freight  and  passenger  vehicular  trans- 
port. 

The  entire  U.S.  transport  system  accounts  for  about  k2%  of  all 
U.S.  energy  use  and  about  23%  of  all  employment  in  the  U.S.  The  auto 
is  responsible  for  about  half  of  these  demands. 

Energy  demands  per  unit  of  service  varied  for  intercity  passen- 
gers from  the  highest  by  plane,  then  auto,  then  train,  to  the  lowest, 
bus,  although  the  energy  intensity  varies  substantially  with  the  load 
factor.   Freight  transport  energy  demands  varied  from  the  highest,  plane, 
then  truck,  to  the  lowest,  barge  and  rail. 

Average  car-bus  substitution  produces  increased  employment  and 
decreased  energy  use  and  dollar  cost  if  land  use  patterns  change  from 
that  currently  experienced  by  the  average  car  owner  to  that  currently 
experienced  by  the  average  bus  rider.  Under  this  assumption,  an  indi- 
vidual car  user  who  switches  to  the  bus  for  some  purpose  but  who  retains 
his  car  for  the  remaining  uses,  will  reduce  employment  and  energy  use 


-37- 


and  increase  his  dollar  costs.   This  lack  of  dollar  incentive  to  the 
individual  experimenter  represents  the  classic  harrier  to  change  to  a 
much  less  energy  resource  demanding  system.   The  paradox  calls  for  exter- 
nal regulation  to  provide  the  incentive  for  the  timid  individual  to 
slowly  give  up  his  car  for  mass  transit,  the  lowest  demander  of  energy 
resources  and  the  highest  demander  of  employment. 

The  disposition  of  the  dollars  saved  by  the  average  car-bus  trans- 
fer is  unknown.   He  will  probably  dispose  of  these  savings  through  some 
form  of  increased  personal  consumption,  the  total  energy  and  labor 
demands  for  which  are  detailed  in  this  paper.  A  behavioral  model  is 
needed  to  determine  the  actual  net  energy  and  employment  effects. 

The  financially  destitute  railroads  are  found  to  be  the  most 
flexible,  competitive  and  least  energy  using  mode  for  vehicular  freight 
transport . 

The  final  policy  example  was  the  effects  on  energy  and  employment 
use  of  diverting  five  billion  dollars  from  the  federal  interstate  high- 
way construction  program  into  each  of  six  alternative  federal  programs: 
Railroad  and  Mass  Transit  Construction,  Water  and  Sewer  Facilities  Con- 
struction, School  Construction,  National  Health  Insurance,  Criminal 
Justice  and  a  Tax  Relief  Program.   Employment  would  increase  under  all 
alternatives  and  energy  use  would  decrease  under  all  but  the  Criminal 
Justice  Program.   Knowledge  of  the  energy  and  employment  effects  should 
excite  the  resource  and  social  policymakers  as  well  as  the  labor  union 
leaders „ 
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